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tilage and trends towards lower levels of MMP-1 in cartilage, of
MMP-13 in calciﬁed cartilage and of cathepsin-K in subchondral
bone.
Conclusions: Tiludronate demonstrated that it acts at various
components of the joint disease, which is translated in improved
histomorphometry, decreased production of catabolic enzymes
and synovial anti-inﬂammatory activity. The functional repercus-
sions were evident with better displacement, lower lameness, gait
disability and joint pain perception.
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USE OF A NOVEL IN VIVO KNEE JOINT LOADING MODEL
TO DETERMINE THE INTERPLAY BETWEEN GENETIC AND
MECHANICAL FACTORS IN THE INITIATION AND
PROGRESSION OF MURINE OA
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Purpose: It is known that mechanical and genetic factors con-
tribute to OA development. Their relative contribution to the initia-
tion and progression of OA, however, is poorly deﬁned. Str/ort mu-
tant mice are recognised to be genetically-prone to spontaneous
OA primarily on the tibial plateau. Whether this is due to a greater
mechanical predisposition to OA initiation or progression, or both,
has not been addressed. We have shown that OA-like lesions can
be induced selectively in the lateral femur of normal mice using
our newly developed knee joint loading model. Herein, we address
the hypothesis that joints which are genetically-susceptible to OA
(Str/ort) are less resistant to the initiation of load-induced OA-like
lesions.
Methods: To address if load-induced lesions (which develop pri-
marily in the femur) are generated at sites of greatest mechanical
challenge, we ﬁrst visualised the position of the femur relative to
the tibia, before and during application of 9N loads using micro-
computed tomography (μCT) imaging integrated with the loading
device. This allowed likely points of contact during loading to be di-
rectly visualised. To examine the effect of in vivo loading on lesion
development, the right knees of 8 week-old CBA (control, non-OA
prone n=9) and Str/ort (n=8) male mice were loaded 3 times/week
for 2 weeks, (each episode comprised 40 cycles, 0.1Hz at 9N;
De Souza et al, 2005) and mice killed 3 days thereafter. Articular
cartilage lesions were scored as described by Chambers et al
(2002) in multiple 6μm sections at ﬁxed intervals across the entire
joint and within each joint compartment (medial/lateral tibia/femur).
In each case, right, loaded knees were compared to contra-lateral
left, non-loaded knees by paired ttest.
Results: Direct visualisation of Str/ort mouse knee joints by μCT
showed marked shift in the position of the femur relative to the tibia
during loading. It also revealed that the lateral compartment of the
knee would likely experience the most compression. Mechanical
loading signiﬁcantly increased OA score in the entire joint of CBA
mice. In agreement with previous studies and with μCT analyses,
initiation of these OA-like lesions was localised selectively to the
lateral femur; no signiﬁcant load-induced lesions were found in
any of the other compartments in CBA mice. In contrast, such
OA-like lesions were not initiated in the lateral femur of loaded
Str/ort mouse knee joints. These loaded Str/ort joints, instead only
showed signiﬁcantly more severe lesion progression on the medial
tibial plateau.
Conclusions: MicroCT imaging showed that loading in our model
system likely initiates OA-like lesions at sites of greatest contact
(lateral femur) in normal, non OA-prone, CBA mice. Str/ort mouse
knee joints, in contrast to our stated hypothesis, are surprisingly
more resistant to OA initiation at these sites of greatest mechan-
ical challenge during loading. Str/ort mice, nonetheless, do show
an accelerated progression at sites naturally susceptible to OA.
These data indicate that the mechanical factors involved in OA
lesion initiation and progression may differ. Indeed, OA initiation
in genetically-prone mice may not necessarily be a direct result of
mechanical loading, whilst progression of OA is.
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Purpose: Obesity is clearly associated with increased risk for inci-
dence of knee OA; however, conﬂicting results have been reported
regarding the importance of other factors such as knee alignment,
bone properties and meniscal injuries and their interactions with
obesity. These conﬂicting results may stem from the wide degree
of variation in other potentially confounding factors in clinical trials.
Computational models offer an advantage in their ability to predict
detailed stress and strain patterns within multiple tissues, and also
allow greater control over confounding variables. Therefore, our
objective was to use ﬁnite element (FE) analyses to character-
ize mechanical factors resulting from increased bodyweight and
malalignment and to compare these to the increased risks for
onset of knee OA identiﬁed by a clinical study.
Methods: A 3D FE model of the proximal tibia was built using MR
images from a normal weight adult male. Trabecular bone material
properties were regionally distributed according MRI-based predic-
tions of bone volume fractions. Tibio-meniscal-femoral pressures
were distributed over the tibial cartilage/femoral cartilage contact
and meniscal/tibial cartilage contact areas determined from the
MR images.
We investigated data from the Multicenter Osteoarthritis Study
(MOST) that determined the odds of developing OA in subjects
who are overweight and/or have a malalignment compared to
normal weight subjects with neutral alignment. Subjects were
stratiﬁed according to BMI and alignment (weight: NW=18.5-24.9,
OW=25-29.9, OB=30-34.9, and very OB=35-40; alignment based
on mechanical axis: varus, neutral and valgus). OA onset was
deﬁned as a radiographic K/L score ≥ 2 at follow-up (baseline
score of 0 or 1). We estimated “clinical odds ratios” as (#OA at
followup)/(# at baseline) normalized to the NW neutral prevalence,
for each subgroup.
According to the ISO standard, a load of 3X body weight was
applied to the model, varying the magnitude for each case based
on the BMI groups reported. Variations in medial/lateral contact
force ratios were used to reﬂect the alignment differences, as these
measurements are highly correlated (neutral=71/28, varus=80/20,
valgus=35/65).
Compressive principal stress and strain values were analyzed in
medial and lateral regions of the epiphyseal trabecular bone, just
distal to the subchondral bone, as well as in the articular cartilage.
Average FE model results within the regions of interest were
compared with the reported clinical odds ratios for OA onset, and
a power-law regression analysis was performed.
Results: Higher stresses and strains are depicted throughout
the tibial trabecular bone in the cases of increasing weight or
malalignment compared to the normal weight case with a neutral
alignment. Signiﬁcant correlations were determined between the
clinical odds ratios and the FE model predictions of bone stress
(R2=0.89) and strain (R2=0.93). Signiﬁcant, though slightly lower,
correlations were also identiﬁed between cartilage stresses and
clinical odds ratios (R2=0.83).
Conclusions: Our computational modeling predictions support
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clinical ﬁndings that obesity and malalignment cause increased
risks for incidence of OA, and that the combination of obesity and
malalignment further increases risks. The extent of risk attributed
to malalignment has been controversial, perhaps due to different
methods in OA detection or alignment measures. Our modeling
approach, combined with detailed comparisons to clinical data,
offers a powerful tool to better understand the etiology and pro-
gression of knee OA, and may help us develop more effective
exercise and treatment plans.
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MICRORNA-27b (miR-27b) REGULATES THE EXPRESSION
OF MMP-13 IN HUMAN OSTEOARTHRITIS CHONDROCYTES
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Purpose: MicroRNA (miRNA)-mediated RNA interference (RNAi)
is a novel evolutionarily conserved mechanism for the regulation
of gene expression at the post-transcriptional level. In this study
we determined the posttranscriptional regulation of MMP-13 by
miRNAs in human chondrocytes.
Methods: Cartilage specimens were washed with sterile PBS and
the macroscopic cartilage degeneration was determined by stain-
ing of femoral head samples with India ink. Cartilage with smooth
articular surface was resected and used to prepare chondro-
cytes by enzymatic digestion (OA chondrocytes) and these were
cultured at high density in monolayer. Expression of chondrocyte-
speciﬁc genes was determined by RT-PCR. Chondrocytes were
stimulated with interleukin-1β (5ng/ml) in vitro and total RNA was
prepared using TRIZOL reagent and miRNA was puriﬁed using
the mirVANA system. Expression of argonuate and Dicer mR-
NAs was determined by RT-PCR and of Dicer protein by Western
immunoblotting. MicroRNA isolated from IL-1β stimulated and non-
stimulated chondrocytes was poly-A tailed and cDNA synthesized
using a commercially available kit. Poly-A tailed cDNA was mixed
with RT2 SYBR Green qPCR master mix in 96 well plates contain-
ing predispensed primers speciﬁc for 352 known human miRNAs.
Real-time PCR ampliﬁcation was performed using the StepOne
Real Time PCR System and Ct method was used to calculate
the relative expression of miRNAs and miRNAs with fold change
of 2 or higher were considered to be differentially expressed.
Expression of MMP-13 and miR-27b was quantiﬁed using Taq-
Man Assays. Transfection with a reporter construct and miRNA
mimic was employed to verify the suppression of MMP-13 mRNA.
Role of p38, JNK and ERK1/2 MAPKs and NF-κB in regulating
miR-27b and MMP-13 expression in OA chondrocytes was evalu-
ated using speciﬁc inhibitors. Gene expression data was analyzed
using Origin 6.1 software package and P<0.05 was considered
signiﬁcant.
Results: Human OA chondrocytes express transcripts for Dicer1
and AGO 2-4 genes and Dicer protein. We also identiﬁed 44
differentially expressed miRNAs in human OA chondrocytes stim-
ulated with IL-1β for 6 h. We found 2 miRNAs- miR-146a and
miR-491_3p-were up-regulated and 42 miRNAs, including miR-
27b (∼3.21 fold), were signiﬁcantly down-regulated (P<0.05). Tar-
getScanS and PicTar both identiﬁed sequences conserved in the
3’UTR of MMP-13 complementary to miR-27b "seed sequence".
Chondrocytes stimulated with IL-1β had signiﬁcantly low levels
of miR-27b expression (P<0.001) and produced high levels of
MMP-13 protein in culture supernatant. Overexpression of miR-
27b inhibited the IL-1β -induced production of MMP-13 protein.
HeLa cells (which do not express mir-27b) transiently cotrans-
fected with the reporter plasmid and miR-27b mimic (10 nM and
100 nM) showed markedly reduced luciferase activity. Human OA
chondrocytes pretreated with the NF-κB inhibitor MG132 had 5 fold
higher expression of miR-27b compared to controls. Chondrocytes
pretreated with the p38-MAPK inhibitor SB202190 showed ∼74%
increase in miR-27b expression and an increase of ∼87% in miR-
27b expression was found in chondrocytes pretreated with the
JNK inhibitor SP600125. These data indicate that activated NF-κB
and MAPKs, which are necessary for the induction and expression
of MMP-13 are negative regulators of miR-27b expression in OA
chondrocytes.
Figure 1. Expression of MMP-13 and mir-27b in control and IL-1β-stimulated
human OA chondrocytes in vitro.
Conclusions: These results identify a novel miRNA, miR-27b
as a posttranscriptional regulator of MMP-13 expression and up-
regulation of miR-27b or preventing its down regulation in vivo may
present a novel therapeutic and preventive approach for OA.
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NF-KAPPA B FAMILY MEMBER RELA/P65, A
TRANSACTIVATOR OF SOX9, IS ESSENTIAL FOR
CHONDROGENIC DIFFERENTIATION AND SKELETAL
GROWTH
S. Itoh, T. Saito, M. Ushita, T. Ikeda, F. Yano, N. Ogata,
U.-i. Chung, K. Nakamura, H. Kawaguchi
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Purpose: Although SOX9 is a key molecule for chondrogenic
differentiation, little is known about the upstream signal. Aiming
at elucidation of molecular network underlying the chondrogenic
differentiation, this study attempted to identify transcription factors
to induce SOX9 expression and examined the function.
Methods: Sequences of about 4 kb of 5’-end ﬂanking regions of
human, mouse and chick SOX9 genes were compared using the
BLASTN search. In vivo localization was examined by immunohis-
tochemistry in the limb cartilage of fetal mice (E17.5). Promoter
